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NEW RECEIVER ARCHITECTURE FOR WIRELESS COMMUNICATION 



Field of the Invention 

5 The present invention relates generally to a radio signal receiver for 

use in wireless communication systems, and more particularly, to a radio 
signal receiver employing bandpass sampling technique. 

Background of the Invention 

Receivers play a critical role in wireless communication fields, 

10 receiving RF signal from radio space at the antenna and converting it into 
baseband digital signal whose central frequency is located at zero frequency 
so that the desired user signal satisfying the BER (Bit Error Rate) 
requirement can be recovered through further baseband processing. 

Fig.1 displays a widely used conventional super heterodyne receiver. 

15 As Fig.1 shows, antenna unit 10 sends the r eceived analog RF signal to RF 
filter 20. RF filter 20 bandpass filters the analog RF signal so that the portion 
of the analog RF signal in the frequency band of the user signal can pass 
whilst the out-of-band interference far away from the frequency band of the 
user signal is suppressed. Then, the bandpass filtered analog RF signal is 

20 sent to LNA (low noise amplifier) 30. LNA 30 amplifies the bandpass filtered 
analog RF signal and outputs it to the first mixer 40. In the first mixer 40, the 
analog RF signal from LNA 30 is multiplied with the LO (Local Oscillator) 
signal with frequency of f i generated by LO 50, to be converted into analog 
IF (Intermediate Frequency) signal and outputted to IF filter 60. After 

25 receiving the analog IF signal from the first mix er 40, IF filter 60 further 
attenuates the out-of-band interference and outputs it to AGO (automatic 
gain control) 70. AGC 70 tunes the analog IF signal from IF filter 60 within a 
suitable dynamic range, and outputs the tuned analog IF signal to two 
processing paths for processing. 
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In the first processing patin, tlie second mixer 80 multiplies the analog 
IF signal from AGC 70 by the second LO signal \Anth frequency of f 2 
generated by LO 90, to convert it into analog baseband signal, and then 
sends the analog baseband signal to lowpass filter 100. After receiving the 

5 analog baseband signal from the second mixer 80, lowpass filter 100 further 
removes the out-of-band interference out of the analog baseband signal and 
outputs it to AGC 120. AGC 120 perfomis relevan t processing of the analog 
baseband signal from lowpass filter 100, and then sends it to ADC 140. After 
receiving the analog baseband signal from AGC 120, ADC (Analog -to-Digital 

10 Converter) 140 samples and quantizes the signal to get the digital baseband 
in-phase signal and outputs it to DSP (digital signal processing) unit 160. 

In the second processing path, the second mixer 105 multiplies the • 
analog IF signal from AGC 70 by the second LO signal with frequency off 2 
generated by LO 90 and phase shifted by 9 0°, to convert it into analog 

15 baseband signal, and then sends the analog baseband signal to lowpass : 
filter 100. After receiving the analog baseband signal from the second mixer 
105, lowpass filter 100 further removes the out -of-band interference out of 
the analog baseband signal and outputs it to AGC 130. AGC 130 performs 
relevant processing of the analog baseband signal from lowpass filter 110, 

20 and sends it to ADC 150. After receiving the analog baseband signal from 
AGC 130, ADC 150 samples and quantizes t he signal to get the digital 
baseband quadrature signal and outputs it to DSP unit 160. 

After receiving the digital baseband in -phase signal from ADC 140 in 
the first processing path and the digital baseband quadrature signal from 

25 ADC 150 in the second processing path, DSP unit 160 processes them by 
using relevant digital signal processing techniques to recover the user signal. 

The above section describes the conventional baseband sampling 
receiver. The conventional receiver performs most processing work on RF 
signals in analog domain, and thus can't adopt many state -of-the-art DSP 

30 techniques in digital domain. To overcome this deficiency, a receiver is 
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proposed to sample analog RF signals directly, and this is the so -called 
bandpass sampling receiver. The sampling frequency of the bandpass 
sampling receiver is much less than the earner frequency, so it is also called 
as sub-sampling receiver. 

5 Due to technical restrictions, conventional RF filters can't manage to 

get the analog RF signal in the frequency ban d of the user signal whilst 
remove the out-of-band Interference out of the frequency band of the user 
signal, so the filtered signal by conventional RF filters includes not only the 
analog RF signal in the frequency band of the user signal, but also the 

10 out-of-band interference in a very wide frequency band. In IS -95 CDMA 
system for example, the bandwidth of a channel (or namely the frequency 
bandwidth of the user signal) is 1.25 MHz, but the bandwidth of the analog 
RF signal filtered out by the RF filter i s usually more than 100 MHz. In the 
-100 MHz analog RF signal, besides the 1.25 MHz user signal, others are all 

15 out-of-band interference. To avoid the out-of-band interference folding into 
the frequency band of the user signal during sampling, the sampling 
frequency of the ADC used in conventional bandpass sampling receiver must 
be more than or equal to twice the width of the analog RF signal outputted by 
the RF filter, according to the sampling principle of bandpass signal. 

20 Moreover, the dynamic range of th e analog RF signal outputted from 

the RF filter is very broad, so the ADC used in conventional bandpass 
sampling receivers should have very high resolution, to decrease the 
interference of quantization noise to the user signal. 

As described above, the ADC must have relatively high sampling 

25 frequency and resolution to implement conventional bandpass sampling, but 
this will usually lead to very high cost and power consumption. 

Summary of the Invention 

An object of the present invention is to provide a bandpas s sampling 
receiver for use in mobile communication systems. In this bandpass 
30 sampling receiver, two processing paths respectively use ADCs to sample 
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and quantize the RF analog signal outputted from the RF filter, thus the 
corresponding ADCs can sample the analog RF signal by using the sampling 
frequency less than twice but more than the bandwidth of the RF analog 
signal. 

Another object of the present invention Is to provide a bandpass 
sampling receiver for use in mobile communication systems. In this 
bandpass sampling receiver, Sigma -delta ADCs are used to sample and 
quantify the RF analog signal outputted from the RF filter, thus the 
quantization noise is pushed into higher frequency band and thus the user 
signal avoids being interfered. 

A bandpass-sampling receiver is proposed for receiving RF signals, 
comprising: the first Sigma -delta ADC. for converting the received RF signal 
into the first channel of digital signal under the control of the first sampling 
clock signal; the second Sigma -delta ADC, for converting the received RF 
signal into the second channel of digital signal under the control of the 
second sampling clock signal; a signal separating unit, for separating the 
in-phase signal and the quadrature signal in the first channel of digital signal 
and the second channel of digital signal. 

Brief Description of the Drawings 

For a detailed description of the preferred embodiments of the 
invention, reference will now be made to the accompanying drawings in 
which: 

Fig.1 is a schematic diagram Illustrating a widely used conventional 
super heterodyne receiver; 

Fig.2 is a schematic diagram illustrating the bandpass sampling 
receiver for use in wireless communication systems In accordance with an 
embodiment of the present invention; 

Fig.3 illustrates the structure of the Sigma-delta ADC In an 
embodiment of the present invention. 

Detailed Description of the Invention 
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Fig.2 illustrates the bandpass sampling receiver for use in wireless 
communication systems in accordance with an embodiment of the present 
invention. The bandpass sampling receiver will be described in detail below, 
in conjunction with Fig.2. 
S As Fig.2 shows, antenna unit 300 receives analog RF signal containing 

the user signal from the radio medium, and sends the received analog RF 
signal to RF filtering and amplifying unit 310. 

After receiving the analog RF signal from antenna unit 300, RF filtering 
and amplifying unit 310 first uses RF filter 3101 to bandpass filter the 
10 received analog RF signal, to attenuate the out -of-band interference out of 
the frequency band of the user signal, and then uses LNA 3102 to low -noise 
amplify the analog RF signal from RF filter 3101 and ouiput it. To achieve 
better band sensitivify and higher processing gain, RF filtering and amplifying 
unit 310 can also connect an RF filter 3103 and LNA 3104 behind LNA 3102 
15 in cascade. Wherein RF filter 3103 bandpass filters the analog RF signal 
outputted from LNA 3102 to further attenuate the out -of-band interferences 
out of the frequency band of the user signal, while LNA 3104 low -noise 
amplifies the analog RF signal from RF filter 3103 and output it. 

The analog RF signal outputted from RF filtering and amplifying unit 
20 310 is divided into two channels, and will be processed by processing 
modules 201 and 202. We will describe the proc essing procedure of analog 
RF signal in the two processing modules. 

1. AD (Analog -to-Digital) conversion 

In processing modules 201 and 202, after respectively receiving the 
25 analog RF signal outputted from RF filtering and amplifying unit 310, 
Sigma-delta A DCs 320 and 330 of the same architecture use the same 
sampling frequency less than the carrier frequency of the analog RF signal 
and more than the bandwidth of the analog RF signal, to sample and 
quantize the analog RF signal, to convert the analog RF sign al into digital 
30 signals and output them respectively. 
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if said sampling frequency is more than the bandwidth of said analog 
RF signal, the out-of-band Interference Included in said analog RF signal will 
not fold Into the frequency band of the user signal. C ompared with 
conventional bandpass sampling receivers that require a sampling frequency 
5 more than twice the bandwidth of said analog RF signal, the sampling 
frequency in the present Invention Is decreased considerably. Although the 
sampling frequency to be used in the present invention is much lower than 
that required In conventional bandpass sampling receivers, ifs still much 
higher than the bandwidth of the user signal. Due to the inherent 

10 over-sampling characteristic of Sigma -delta ADCs 320 and 330 (com pared 
witii tiie bandwidth of the user signal), Sigma -delta ADCs 320 and 330 can 
support such sampling frequency well. 

In addition to the above conditions, tiie sampling frequencies CLK i and 
CLK2Used by Sigma -delta ADCs 320 and 330 must be 1/N (N is an integ er) 

15 of the carrier frequency of said analog . RF signal, so that frequency 
component of the user signal can exist at zero frequency when the user 
signal included in said analog RF signal is continued in frequency domain 
with the sampling frequency as the eye le. The baseband l&Q components of 
the user signal can be computed according to the frequency component of 

20 the user signal at zero frequency, with the method as described in the patent 
application document entltied " bandpass sampling receiver and the 
sampling method", submitted along with the present application, by 
KONINKLIJKE PHILIPS ELECTRONICS N.V., Attorne/s Docket No. 
CN030070, and incorporated by reference herein. 

25 According to the bandpass sampling method as disclosed in the 

application, in order to compute tiie baseband l&Q components of the user 
signal by taking advantage of the known signal (such as pilot signal or 
midamble signal), there must be a fixed relative delay r between the 
sampling clocks of Sigma -delta ADCs 320 and 330. The relative delay r must 

30 be far less than the reciprocal of tiie bandwidtii of tiie baseband signal, ttiat 
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lsr« 1/B, and on^x^nn, wherein ©c is tlie circular frequency of the carrie r 
signal and n is a natural number. In this way, the baseband in -phase 
component and quadrature component of the user signal can be obtained. 

In the present invention, utilization of Sigma -delta ADCs 320 and 330 
can use sampling frequencies less than the r equirement of conventional 
bandpass sampling receivers, as well as lower the resolution requirement of 
ADCs (for example, 1-bit resolution can be adopted). Although this will 
produce some quantization noise, the quantization noise won't result in 
distortion of the user signal. As to the why quantization noise won't cause 
distortion of the user signal when using Sigma -delta ADCs, a description will 
be given below in conjunction with Fig.3. 

2. Digital filtering 

The digital signals outputted from Sigma -delta ADCs 320 and 330, are 
respectively lowpass filtered at lowpass filters 340 and 350 in their 
corresponding processing paths, so that said out -of-band interference and 
the quantization noise pushed to higher frequency band can be removed and 
only the baseband digital signal included in the user signal at zero frequency 
is gotten. 

3. Decimation 

The baseband digital signal of the user signal outputted by lowpass 
digital filters 340 and 350, is respectively decimated at decimators 360 and 
370 in their processing paths, to further decrease the data rate' of the 
baseband digital signal of the user signal. 

The processing procedure of the analog RF signal in processing 
modules 201 and 202 is elaborated as above. 

Processing modules 201 and 202 send their processed baseb and 
digital signals to l/Q separating unit 380. After receiving the baseband digital 
signals from processing modules 201 and 202, l/Q separating unit 380 
computes the baseband In -phase and quadrature components of the user 
signal, by using the bandpass sam pling method as disclosed in the above 
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application. More specifically: first, the Initial phase computing unit In l/Q 
separating unit 380 computes tiie initial phases of tiie RF signal relative to 
the two channels of sampling clock signals CLK i and CLK^ tiien, l/Q signal 
separating unit in l/Q separating unit 380 separates tiie In -phase signal In 
said first channel of baseband digital signal and said second diannel of 
baseband digital signal firom the quadrature signal therein, and outputs the 
in-phase signal component and quadrature signal component to DSP unit 
390. 

After receiving the in-phase signal component and the quadrature 
signal component of the user signal from l/Q separating unit 380, DSP unit 
390 performs relevant processing (for example, demodulatio n, channel 
decoding, source decoding and so on) on tiie received in -phase signal 
component and the quadrature signal component by using conventional DSP 
methods, to get the desired user signal. 

The following section will elaborate the principle why quantize tion 
noise won't cause distortion of the user signal when using Sigma -delta ADCs, 
In conjunction witii tiie schematic structure of Sigma -delta ADC 320 as 
shown In Fig.3. 

Refemng to Sigma -delta ADC 320 as shown in Fig.3. first, analog RF 
signals are converted Into discrete sampling signals at sampler 3201 and 
outputted to the in-phase input end (+) of comparator 3202 in turn. Then, 
every time the in-phase input end {+) receives a sampling signal from 
sampler 3201, it will compare tiie sampling signal with tiie feedbacit signal 
from tiie output end of the ADC received at the out -phase input end (-), and 
output the comparison result to lowpass filter 3203. Aftenwards, lowpass filter 
3203 filters the received comparison result from comparator 3202, and 
outputs it to quantizer 3204. Finally, quantizer 3204 quantizes the received 
comparison result from lowpass filter 3203 into digital signal and outputs it, 
meanwhile the digital signal is returned to the out -phase input end (-) of 
comparator 3202 in form of feedback si gnal. 
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Fig.3 indicates that quantization noise is produced during quantization 
process, so the digital signal obtained from the quantization of quantizer 
3204 contains quantization noise, and accordingly, the comparison result 
outputted by comparator 3202 also contains quantization noise. The lower is 
5 the resolution of quantinzer 3204 (i.e. the lower is the resolution of the ADC), 
the more quantization noise is contained in said digital signal and 
comparison result. But thanks to lowpass filter 3203 and the system 
feedback link, most quantization noise produced by the quantizer in the ADC 
is pushed to higher frequency band, and won't enter into the frequency band 

10 of the user signal to cause distortion of the user signal. Furtiiermore, the 
sampling frequency to be used by sampler 3201 is much higher than the 
bandwidth of the user signal, so the frequency of the quantization noise 
produced during quantization is still very high. The quantization noise can be 
pushed to very high frequency band by using lowpass fi Iter 3203 of relatively 

15 low order, and the cost of the corresponding ADC can be very low. 

Beneficial Results of the Invention 

As stated above, the proposed bandpass sampling receiver utilizes 
sampling technique of two processing paths, thus the correspondi ng ADCs 
can sample the analog RF signal by using the sampling frequency less than 
20 twice but more tiian tiie bandwidtfi of the RF analog signal, compared with 
conventional bandpass sampling receivers. So, the power consumption and 
cost of the ADC can be saved. 

Moreover, the proposed bandpass sampling receiver can use 
low-resolution Sigma -delta ADCs to sample and quantize the analog RF 
25 signal, so tiie cost of the Sigma -delta ADC can be further saved. 

It is to be understood by those skilled in the art that the ban dpass 
sampling receiver for use in wireless communication systems as disclosed in 
this invention can be modified considerably without departing from tiie spirit 
and scope of tiie invention as defined by the appended claims . 



